A demultiplexer (DMUX) is a key subsystem of rapid single flux quantum (RSFQ) circuits and systems in practical applications. High-speed data from RSFQ circuits should be converted into sufficiently low-speed ones for transmission to and processing by room temperature electronics. We designed, fabricated and successfully tested an RSFQ DMUX based on the synchronous shift-and-dump architecture whose advantages are modularity and compactness. A 1-to-8 DMUX was implemented using our standard cell library on 1.6 kA cm −2 Nb trilayer technology. Fully functional operation was confirmed by low speed testing. Experimental bias margins were as large as ±16%. Results of average voltage measurements implied that the DMUX was operated at data rates up to 25 Gb s −1 .
Introduction
Rapid single flux quantum (RSFQ) [1, 2] is a high-speed, low-power digital technology based on superconductivity and Josephson effect. RSFQ is capable of simultaneously carrying out ultrafast digital processing and metrologically precise quantization of electric signals. This unique advantage makes RSFQ attractive as a supplement to future electronics systems that should meet the demand for increasing complexity and variety. For instance, high-performance analog-to-digital converters are expected to be one of the killer applications of RSFQ technology, and their excellent performance has been successfully demonstrated.
In practical use of RSFQ circuits, most systems will include external electronics consisting of ordinary semiconductor devices and circuits. An interface between the cryogenic RSFQ and room temperature electronics is of great importance. The RSFQ circuitry operates at internal clock frequencies of several tens of GHz or higher. Output data rates of the RSFQ circuit are too high to transmit to room temperature electronics at acceptably small bit error rates because the distance between low-and room-temperature stages is much longer than the wavelength of the data signals. Also today's semiconductor digital circuits cannot directly process 10 GHz data. A practical way of transmitting data is to down-convert high-speed RSFQ data into sufficiently low-speed ones. Thus, a demultiplexer (DMUX) [3] [4] [5] [6] [7] [8] [9] [10] is a key subsystem for practical use of RSFQ circuits and systems.
In this paper we present design, fabrication and test results on an RSFQ DMUX for applications such as an analog-to-digital converter. The DMUX was designed on the synchronous shift-and-dump architecture. A 1-to-8 DMUX was implemented on our standard cell library and fabricated using a 1.6 kA cm −2 Nb trilayer technology. Fully functional operation was confirmed by low speed testing. Results of average voltage measurements implied that the DMUX was operated at input data rates up to 25 Gb s −1 .
Design

Architecture
Two types of RSFQ DMUX have been proposed and demonstrated so far. One is based on the binary tree architecture [4] [5] [6] [7] [8] [9] [10] and the other is based on the shift-anddump architecture [3] . The binary tree type DMUX has been more widely investigated. Combined with an asynchronous timing scheme based on the dual-rail coding of SFQ data, high-throughput operation of a single cell of the binary tree DMUX has been reported [9] . However, the binary tree structure occupies a rather large area and consumes extra bias currents because Josephson transmission lines (JTLs) are used to interconnect the DMUX cells. In addition, if a synchronous timing scheme based on the RSFQ basic convention [1] is employed, which is useful and convenient for some applications such as analog-to-digital converters, timing design becomes more complicated with increasing demultiplexing factor n. On the other hand, the shiftand-dump architecture has advantages of good modularity and compactness. The shift-and-dump DMUX consists of a clock control circuit and a shift register with parallel outputs (figure 1). Input data are stored in the shift register synchronized with the shift signal S, and then dumped to the parallel output ports by the dump signal R when the shift register becomes full. A role of the clock controller is to generate the shift-and-dump signals, S and R, from the clock. As shown in figure 1 , the circuit structure is regular, resulting in easy timing design and compact layout even if the synchronous timing scheme is used. We selected the shiftand-dump architecture with the synchronous timing scheme because our target application is an analog-to-digital converter operating with a sampling clock pulse.
Implementation
The first RSFQ implementation of the shift-and-dump DMUX was reported by Kaplan and Mukhanov [3] . In this original design, the clock controller simply consisted of a cascade of toggle flip-flops (TFFs) and a unit cell of the shift register was a non-destructive readout cell (NDRO). The implementation was simple and compact, and the operating margins were sufficiently large. However, there are two drawbacks: (1) the critical path in the clock controller of a 1-to-n DMUX includes a cascade of log 2 n TFFs, where n = 2, 4, 8, 16, . . . is a demultiplexing factor. So, the critical path length becomes longer with increasing n, resulting in tight racing between S and R. (2) The NDRO in the shift register requires resetting after the dump operation, which is done by an additional shift signal before input of the next data set. This narrows the timing window and limits the throughput and margins. Figure 2 shows our implementation of a 1-to-8 shift-anddump DMUX. To improve the throughput and margins, we employed a pipelining in the clock controller and a destructive readout cell for the shift register. The pipeline structure is implemented by inserting a D flip-flop (DFF) between TFFs. The critical path and racing are localized so that the throughput of the clock controller is independent of the demultiplexing factor n. The shift register consists of D2 cells [11] , destructive readout cells with two read/out terminals. The dump signal R makes the D2 cells empty so that the shift register is ready for the data input immediately after the dump operation. The global margins of the bias current are expected over ±25% at 20 GHz by simulation. The 1-to-8 DMUX core consists of approximately 300 junctions, occupies a 1.2 mm × 0.25 mm area and consumes 0.1 mW dc power at the nominal bias voltage of 2.5 mV.
Standard cell library
All the components of the DMUX in figure 2 are included in our standard cell library that has been developed for efficient design process. The standard cell library consists of RSFQ elementary cells that are frequently used to build large circuits (table 1) . The library cells were designed on
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Fabrication
We fabricated the circuit using our standard Nb trilayer technology. The target critical current density is 1.6 kA cm −2 . The minimum size of the junction is 2.8 µm × 2.8 µm. Resistors are made of a Pd film with 1.2 of sheet resistance. The chip size is 5 mm × 5 mm. Figure 3 shows a cross-section of the layout and table 2 summarizes the parameters.
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The circuits were fabricated in a class 10 000 clean room. Nb and Al films were deposited by dc magnetron sputtering in a load-locked system including two deposition chambers for Nb and Al. The background pressures were kept below 5 × 10 −5 Pa. Insulation SiO 2 layers were deposited by rf magnetron sputtering with a substrate bias voltage of −200 V for I1 (see figure 3 and table 2), and without a substrate bias voltage for I2 and I3. All lithography processes were done with an i-line (365 nm) 5-to-1 stepper.
The fabrication started with the deposition of an etch stop Al layer on a 75 mm diameter bare Si wafer, followed by the • C of substrate temperature. A 125 nm Nb counter electrode (CE) was then deposited with the same condition as the BE layer. After trilayer fabrication, the CE layer was defined by RIE with CF 4 at 13 Pa. The critical dimension loss for the CE layer was estimated to be 0.4 µm at one side. The BAR layer was removed by wet etch process with nitric acid and the BE layer was then defined by RIE with CF 4 at 20 Pa. After deposition of a 100 nm SiO 2 (I2), the resistor (R), consisting of a 55 nm Pd film with a 2 nm Ti adhesion layer, was fabricated by dc magnetron sputtering and lift-off technique. A 100 nm of SiO 2 (I3) was sputtered, and the vias in I2 and I3 were made by ECR etching with CF 4 at 0.4 Pa. Finally, a 300 nm Nb wiring (W) was deposited and then patterned by RIE with CF 4 at 20 Pa. Figure 4 shows a photograph of the 1-to-8 DMUX.
Testing
The 1-to-8 DMUX was tested at low speed (<1 kHz) using the superconductor circuit tester OCTOPUX [12] . The chip was mounted on a 60-pin probe with a double-layer µ-metal shield and cooled with liquid helium at 4.2 K. Figure 5 shows the result of low-speed functional tests. Fully functional operation was confirmed. Experimental bias margins of the DMUX core were as large as ±16% at ∼1 kHz of clock frequency.
The DMUX has extra terminals, shown in dashed boxes in figure 2 Figure 6 shows the maximum throughput as a function of the bias voltage for the DMUX core. The result suggests that the DMUX can be operated at the input data rates up to 25 Gb s −1 .
Conclusions
A demultiplexer (DMUX) is important for use of RSFQ circuits and systems in most practical applications. We designed, fabricated and successfully tested an RSFQ DMUX based on the shift-and-dump architecture. This architecture has advantages such as modularity and compactness, especially if the synchronous timing scheme is employed, compared with the binary tree architecture. The DMUX comprises a clock controller and a shift register with parallel outputs. To improve throughput and margins, we employed a pipeline structure for the clock controller and a destructive readout cell as a unit cell of the shift register. A 1-to-8 DMUX was implemented using our standard cell library based on a 1.6 kA cm −2 Nb trilayer technology. Low speed testing confirmed fully functional operation with the bias margins as large as ±16%. Results of average voltage measurements implied that the DMUX was operated at input data rates up to 25 Gb s .
